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Extraction protocols for plant antioxidant phenolic compounds are very diverse due to the variation and complexity of phenolic substances and to the variety of vegetable matrices. The extraction yield, phenolic content and antioxidant activity of the extracts are strongly dependent not only on the specific plant material and its bioactive components, but also on the solvent and 95 extraction method employed [36] . There are several extraction processes described in the literature, ranging from more traditional such as maceration, percolation and Soxhlet extraction [37] to modern extraction methods such as those based on the use of compressed fluids (including supercritical fluids (SCF), gas-expanded liquids (GXLs), pressurized liquids and Cite as: Costa 5 subcritical water extraction) [38] . Supercritical fluid extraction (SFE) offers considerable 100 advantages compared to traditional extraction processes because it provides higher selectivity, shorter extraction times, higher efficiency and do not use toxic organic solvents avoiding the environment and sample contamination [39, 40] . SFE has been largely applied to extract different chemical constituents from plants including low [41] and high to medium polarity compounds (such as phenolics) [39, 40, 42] . Furthermore, to our knowledge this extraction 105 process has never been used to evaluate the compounds" extraction profile from Copaifera sp leaves. Moreover, since the Copaifera genus presents polyphenols and diterpene compounds, both with important biological activities, the goal of the present work has been the study and optimization, via experimental design, of the supercritical fluid extraction of two representative compounds of these groups: kaurenoic acid and quercitrin, from the C. langsdorffii leaves. 110
Materials and methods

Materials
The leaves of the Copaifera langsdorffii Desf., Fabaceae, tree were collected at the Ribeirão Preto Campus of the University of São Paulo, SP, Brazil in July, 2012 and a voucher specimen (SPFR 10120) was deposited in the herbarium of the Faculdade de Filosofia, Ciência e Letras de 115
Ribeirão Preto, University of São Paulo. The herbal material was cleaned and dried in ventilated atmosphere of 30±5ºC temperature, milled in a cutting mill to obtain particles between 0.5 to 1.0 mm and stored in a closed plastic bag in fresh and dried environment at 25°C until its use.
The kaurenoic acid standard was kindly given by the Laboratório de Farmacognosia from 6 Acetonitrile (LC-MS quality, LabScan, Gliwice, Poland), water (purified using a Milli-Q system, Millipore Corporation, Billerica, USA) and acidified water with phosphoric acid (Sigma-Aldrich, Madrid, Spain) were used as mobile phases for HPLC analysis.
The solvents used in the supercritical extraction process were CO 2 premier quality provided by 125
Carburos Metálicos (Air Products Group, Madrid, Spain) and ethanol absolute 99% provided by Panreac Quimica S.A. (Barcelona, Spain). Methanol was purchased from Sigma-Aldrich (Madrid, Spain).
2,2-Diphenil-1-pycril hydrazyl hydrate (DPPH, 99%), gallic acid, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox, ≥ 97%), 2,2'-azino-bis(3-ethylbenzothiazoline-6-130 sulphonic acid (ABTS, ≥ 99%) and AlCl 3 anhydrous were purchased from Sigma-Aldrich (Madrid, Spain).
Solid-liquid extraction
A solid-liquid extraction (SLE) was performed as a reference extraction in order to compare the results of yield, total flavonoids, kaurenoic acid and quercitrin concentration and antioxidant 135 activities with the extracts obtained by SFE. For that, 1 g of the dried milled leaves of C. langsdorffii was weighed in a flask and added of 50 mL of methanol. The extraction was kept for 24 h at room temperature under shaking of 150 rpm. After this time, the extracts were filtered and dried under vacuum.
Supercritical fluid extraction 140
Supercritical fluid extractions were performed in a homemade supercritical fluid extractor using pumps for CO 2 and ethanol PU2080 from Jasco (Tokyo, Japan) and a manual back pressure regulator LF-540 from Pressure Tech (Hadfield, United Kingdom). Three factors were considered for the optimization of the SFE process: pressure (100-400 bar), temperature (40-70°C) and the amount of ethanol (0-50%) that was used as modifier. Optimization was 145
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Costa-Machado, A. R. M.; Freitas, L. A. P. de; Mendiola, J. A.; Ibáñez, Elena "Copaifera langsdorffii supercritical fluid extraction: Chemical and functional characterization by LC/MS and in vitro assays" Journal of Supercritical Fluids 100: 86-96 (2015) http://dx.doi.org/10.1016/j.supflu.2015.02.028 7 performed using a Box-Behnken experimental design. Experiments were carried out in randomized order. A kinetic study of the extraction process at the central conditions of the experimental design was carried out to select the extraction time that was set at 120 min. The other factors were maintained constant: carbon dioxide flow rate, 1 mL/min (measured at 50 bar) and mass of plant, 1g. 150
Once obtained the optimized conditions according to the results of the Box-Behnken design and the statistical analysis, the scale up of the extraction conditions to obtain the extract enriched in kaurenoic acid was performed in a Helix Spe-ed SFE equipment (Applied Separations, Inc, Allentown, PA, USA) which was loaded with 50 g of C. langsdorffii dried and milled leaves.
The other conditions as pressure, temperature and modifier were selected as provided by the 155 experimental design.
Physico-chemical extract characterization
Yield (θ)
To obtain the soluble solids (SS) extracted in the experiments, a thermogravimetric method was used. For that, the liquid extracts were dried in an evaporator under vacuum and, after full 160 dryness, they were weighted. These value were compared to the total mass of plant used (Mp) to obtain the yield [43] .
Total flavonoid quantification (TF)
The method of complexation with aluminum chloride (55.23 mg of AlCl 3 anhydrous in 5 mL 165 followed by a dilution of 10 fold) in methanol was applied to quantify the total flavonoid content using quercetin as standard (4, 6, 8, 10, 12 and 14 µg/mL). The samples were diluted in methanol to obtain a concentration of total flavonoid of approximately 8 μg/mL or 0.5 mg/mL of dried [44, 45] .
Chromatographic method development and validation
The kaurenoic acid and quercitrin quantifications were done by high performance liquid 
LC/MS analysis
The optimized extracts were qualitative analyzed in a LC/MS-ESI Accela composed of a 195 photodiode array detector, an autosampler, a quaternary pump and a TSQ quantum access (Thermo, San Jose, USA). The column used was the ACE C18-AR column (150 mm × 4.6 mm, 
Antioxidant activity 205
DPPH (EC 50 )
The DPPH scavenging activity was evaluated according to [44, 45] . Five concentrations of each sample were prepared. A volume of 25 μL of the sample was added to 975 μL of the 60 μM DPPH solution. These solutions were maintained in reaction during 30 minutes in the dark. The 
Statistical analysis
The Box-Behnken design results were analyzed by ANOVA regarding p<0.5 as significant and 230 response surface were plotted to help to evaluate the results. For that, the statistical software Statistica® 11.0 version and MiniTab® 7.0 version were used. One-sample statistical analyses were evaluated by t-test in the GraphPad Prism 5.03 version software.
Results and Discussion
Chromatographic method development 235
A chromatographic method was developed in order to quantify the kaurenoic acid and quercitrin in the C. langsdorffi extracts. After developing the method, it was validated regarding its selectivity, linearity, accuracy, precision, limit of detection and quantification [47] .
(2)
In order to evaluate the selectivity of the method towards the separation of quercitrin and kaurenoic acid, the SLE extract, that presented the most complex profile, was injected and 240 compared with the standards and the blank (solvent). Furthermore, the UV-vis spectra were evaluated to corroborate that no co-elution was observed under the optimized separation conditions. Quercetrin eluted at 11.095 min and kaurenoic acid at 23.625 min; quercitrin spectrum showed two characteristic maximum wavelengths at 255 and 349 nm while kaurenoic acid spectrum showed a maximum at 210 nm. No interferences were observed with the rest of 245 compounds eluted in the chromatogram. Figures of merit of the developed HPLC method for quantification of kaurenoic acid and quercitrin are shown in Table 1 .
Solid-liquid extraction (SLE)
The extraction yield, total flavonoids, antioxidant activity and kaurenoic acid and quercitrin concentration of the extracts obtained by SLE are presented in Table 2 . The yields obtained, 250 around 32.12 ± 0.93% w/w, are in accordance with values achieved previously in our laboratory by SLE and Soxhlet (SOX) extraction using ethanol as solvent [49] . Also, the total flavonoids of the C. langsdorffii extract obtained by an optimized SLE condition presented 10.2± 0.25 mg/g and quercitrin of 7.70± 0.02 mg/g, both values lower than the SLE values observed in this study [49] . These results may vary because of the plant variability in its secondary compounds" 255 metabolism is influenced by solar irradiation and/or the amount of raining in the season [50] .
Supercritical Fluid Extraction
Kinetics
Initially, the kinetics of the supercritical fluid extraction process was evaluated considering 250 bar and 55°C (central point of the experimental design) to find a suitable extraction time. There 260 is an increasing extraction rate until 80 minutes (constant extraction rate, CER), followed by a Cite as: Costa 12 period of falling extraction rate of about 40 min; after that, there is no significant increase in the amount of soluble solids extracted. Thus, 120 minutes was selected as the extraction time.
Box-Behnken optimization of SFE
As mentioned, a Box-Behnken experimental design was used to optimize the SFE process. The 265 matrix of the design, together with the results of the different studied responses, are presented in Table 3 . It is worth to mention that the variability of the process, studied at the central point (experiments 13, 14 and 15), was below 10% for all the responses.
As can be seen, total flavonoids are not always proportional to the yield values. For instance, in run 3, the highest yield was obtained (14.5% w/w) corresponding to a medium value of 270 flavonoids content (50.9 mg/g) while run 2 provided a medium yield (7.0% w/w) and the highest content in flavonoids (76.6 mg/g). This, in fact, demonstrates the selectivity of the process towards the extraction of selected target compounds such as flavonoids.
Comparing the results of the SFE and SLE, it can be observed that SLE presented approximately 3-fold higher yield values and around 10-fold less total flavonoids than the extracts obtained by 275 SFE, thus showing the selectivity associated to the extraction of flavonoids under supercritical conditions. As for kaurenoic acid content, it can be seen that SFE is able to extract 10-fold more than SLE, being a better extraction method than SLE to extract non-polar compounds using nontoxic solvents such as CO 2 .
Comparing SFE and SLE in terms of antioxidant activity, it can be observed that both presented 280 similar EC 50 values, thus corroborating the fact that the antioxidant activity is not strictly related to the flavonoids content. For instance, the best DPPH antioxidant activity (run 11, 7.581 µg/mL) was neither related with the highest yield nor with the highest total flavonoid content; thus, the antioxidant activity can be due to the presence of several compounds other than flavonoids, belonging or not to the polyphenolic group [51, 52] . Values obtained for DPPH in the present 285
Cite as: [53] or Solanum paludosum [54] . Compared to the antioxidant activity of quercetin (standard) and BHT (EC 50 values equal to 1.94 and 48.46 µg/mL, respectively), it can be concluded that C. langsdorffii extracts have a strong antioxidant activity.
As for the antioxidant activity measured by using the TEAC method, a 
Statistical analysis
As mentioned, 3 factors were selected to optimize the extraction of bioactive compounds of C. 300 langsdorffii using SFE: extraction pressure, extraction temperature and ethanol percentage. After performing the ANOVA for each of the responses (data not shown) the model was fitted; Table   4 shows the regression coefficients for the different factors and the statistics for goodness of fit of the models for all the response variables. As a general trend, it can be observed that ethanol significantly influenced all the responses (except kaurenoic acid) in its linear and quadratic form. 305
This means that the yield, total flavonoids, quercitrin and antioxidant activity (evaluated by both, DPPH and TEAC) are maximum when ethanol is at its highest level (50%) and they decrease if the ethanol concentration increases or decreases (see Figures 2A, B, D, E and F) . On the other hand, for kaurenoic acid, ethanol was significant only in its linear form and its coefficient was Cite as: Costa- Figure 2C ). This is in agreement with the reported solubility of kaurenoic acid, which is maximum in non-polar solvents [23] . Moreover, considering extraction yield, temperature was also a significant factor in its linear form (p=0.034); so, yields can be the highest when the temperature is equal to or above 70°C (see Figure 2A) .
As can be observed in Figures 2C and 2D , the maximum extraction of kaurenoic acid and 315 quercitrin are obtained under completely different percentages of ethanol which, in fact, was the main factor influencing their extraction under supercritical fluids conditions. In this sense, when using high percentages of ethanol as modifier, extracts preferentially enriched in quercitrin were obtained while kaurenoic acid was barely extracted. As mentioned, this is in agreement with the different solubility reported for both types of compounds. 320
As for the antioxidant activity, measured using the DPPH in vitro assay, the ANOVA also presented the interaction between the temperature and ethanol as significant; that means that ethanol percentage must be around 50% (high) and temperature has to be low (<40°C) to provide the lowest values of EC 50 . For the response related to the antioxidant activity measured using TEAC in vitro assay, the ANOVA also presented as significant the quadratic effect of the 325 pressure and temperature, besides the effect of the ethanol. This means that the TEAC values are the highest when the ethanol is around 50%, the pressure 250 bar and the temperature 55°C. In the response surface ( Figure 2F ) it is possible to observe exactly the stationary point of maximum TEAC value.
It has to be pointed out that, in general, the correlation coefficient (R 2 ) and the adjusted 330 correlation coefficient (R 
Supercritical fluid extraction conditions optimization
From the results obtained it was possible to observe that not all the studied responses could be optimized at the same time. Therefore, two different features set to the extracts were selected for optimization: 1) maximize yield, total flavonoids content and quercitrin concentration and minimize EC 50 (DPPH assay), this extract will be called High Quercetrin Extract (HQE); 2) 340 maximize kaurenoic acid concentration, this extract will be called High Kaurenoic Acid Extract (HKAE). The TEAC antioxidant activity was neglected because it decreased the optimum extraction conditions, the desirability function as well as the estimative responses of the other responses. In parallel, the model provided by the Box-Behnken design was used to reach the conditions in order to obtain the HKAE. The provided values of the desired responses are presented in Table   6 , together with the real values obtained experimentally. The optimum extraction conditions provided by the model to maximize kaurenoic acid content in the extract were as follows: pressure, 390 bar; temperature, 70°C and pure CO 2 . The predicted response for the kaurenoic 355 acid value was 198.68 mg/g and the desirability was 0.870. The extraction was performed at optimum conditions by triplicate; the analysis of the extracts resulted in a kaurenoic acid were far from each other (0.520) which means it was expected that the estimative values in the model could vary from the real values.
Scale up extraction
Once obtained the optimized conditions, the scale up of the extraction in order to obtain the extract enriched in kaurenoic acid was performed allowing a scale up of 50-fold. The conditions 365 as pressure, temperature and ethanol percentage were selected as provided by the experimental design.
The result for the kaurenoic acid values in the scaled-up extracts was of 266.39±14.96 mg/g. This value is similar to the result of the real kaurenoic acid content in the optimized extract obtained in the bench scale (262.92±14.28 mg/g). The results of yields were also similar in both 370 scales, 1.00±0.20% w/w for the bench supercritical fluid equipment and 1.87±0.54% w/w for the scaled-up equipment. Observing these two results, it is possible to infer the scale up of the SFE was successful making possible to amplify the extraction 50-fold.
LC/MS analysis
The C. langsdorffii optimized extracts were analyzed by using HPLC coupled to MS-ESI in 375 negative ionization mode in order to carry out a qualitative characterization of bioactive phenolic compounds in C. langsdorffii leaves. The peaks of the chromatogram that presented signal threshold higher than 8.10 5 counts received collision energy of 20V in order to fragment the compound and make possible to evaluate its fragmentation profile. So, the peak identification was performed on basis of retention time, the absorption spectrum in the UV-visible region, themass spectrum obtained by MS-ESI, the fragmentation profile and previous reports in the literature related to the genus Copaifera or to the family Fabaceae [13, 22, 55, 56] .
The profile of the extract with high values of quercitrin (HQE) showed several peaks corresponding to acidic diterpene, polyphenols and polar compounds among which 21 were tentatively characterized. The compounds are reported in Table 6 presenting their retention time, 385 molecular weight (MW), experimental m/z -, maximum UV-visible bands (λ max ), proposed fragment and proposed tentative identification.
Although in the literature several researches concerning the analysis of the oil obtained from the trunk of Copaifera trees have been described, few works can be found identifying compounds from the leaves of Copaifera, specially the phenolic and polar compounds. Therefore, to identify 390 the major compounds of the extracts obtained from C. langsdorffii leaves"extracts by using HPLC coupled to diode array and mass spectrometry detectors can be considered an important contribution.
As mentioned, researches performed of C. langsdorffii leaves in the 1980"s reported that they present from 6 to 10% of phenolic compounds, 3% of the amino acid N-metyl-trans-4-hidroxi-L-395 proline and sesquiterpenes (α-cubebene, α-copaene, ciperene, β-copaene, caryophyllene, β-humulene, muurolene, β-selinene, δ-cadinene and γ-cadinene, caryophyllene oxide) [10] [11] [12] .
Furthermore, recent works reported that their leaves present acidic diterpenes (kaurenoic acid, hydroxy-labdanolic acid), alcoholic diterpenes (kaurenol) and flavonoids (quecitrin and afzelin) [13] . In a more recent study [22] , 26 galloylquinic acids, some of them methylated, were 400 identified as polar compounds presented in the C. langsdorffii leaves.
In the present study, we observed that the extracts obtained under optimum conditions employing 50% of ethanol as modifier, that is, those extracts containing the highest concentration of polar compounds, presented good results of antioxidant activity (using both, 405
Cite as: Costa Flavonoids represent a subgroup of phenolic phytochemicals [57] and quercitrin is one representative. It is reported to be an oxidative stress protector, which normalized the intestinal 415 oxidative status in rats after oral administration [58] . Other flavonoid found in the HQE was afzelin that is the glycosylated form of kaempferol, a flavonol. Afzelin was reported to be able to inhibit intestinal absorption of glucose what can be an interesting use as a nutraceutical product
[59].
As could be observed, kaurenoic acid, a diterpenic acid, was also present in the HQE and HKAE. 420
The kaurenoic acid standard was analyzed and presented a retention time of 35 trypanocide, cytotoxic, potent stimulators of uterine contraction [60, 61] and antitumor activity [29] [30] [31] [32] [33] [34] [35] . Besides, the kaurenoic acid has been used in semi-synthesis as a precursor to obtain more selective and/or more bioactive derivative as, for example, to enhance tripanomicidal actitivy [61] and even to obtain compounds with enhanced antiplasmodial activity [60] .
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Galloylquinic acids were widely found in the HQE; several of them are isomers since they are 430 present in the methylated form and the methyl group can vary its position as can be observed in Figure 3 . Various galloyl derivatives of quinic acid were found to be inhibitors of human DNA polymerases. Among them, 3,4,5-tri-O-galloylquinic acid was the most potent inhibitor of DNA polymerase α [62] .
The LC/MS analysis of the HKAE (optimum conditions: 390 bar; temperature, 70°C and pure 435 CO 2 ) was also performed. As expected, these conditions favored the extraction of non-polar compounds from the leaves of C. langsdorffii.
Conclusion
In conclusion, temperature and ethanol percentage were the factors that mostly influenced the 440 SFE of the chemical compounds from C. langsdorffii leaves. Besides, the use of response surface methodology allowed the modulation of the composition of the extract providing extracts enriched in either quercitrin or kaurenoic acid. A high content of kaurenoic acid (HKAE) could be obtained at 390 bar, 70°C of temperature and pure CO 2 , while an extract rich in phenolic compounds can be obtained at 100 bar, 55°C and using 50% ethanol as modifier (HQE). The 445 qualitative LC/MS analysis allowed the tentative identification of galloylquinic acids in the HQE optimized extracts; those compounds were not present in the HKAE extracts, as expected. SFE was an efficient method for the extraction of bioactive compounds from C. langsdorffii leaves while avoiding the use of toxic organic solvents that could be later on found in the product or delivered it to the environment. 450 
